gland, brain, adipose tissue, heart, liver and pancreas of the rat. Determinar TC (Kyowa Hakko), Cholescolor 500 (Ono Yakuhin) and Biochem. Test Combination (Boehringer Mannheim) were comparable in the determination of total cholesterol in these homogenates.
The highest concentration of cholesterol was detected in the adrenal gland, followed by the cerebrum, adipose tissue, liver, heart and pancreas.
When applied to unfixed slices of the brain, only with Determinar TC was a satisfactory result obtained.
However, the colour complex developed with the enzyme method on these sections was unable to be recognized under a light micriscope.
A modification of Determinar TC, i.e., a mixture (2 : 1) of the enzyme solution without a colour developer and of diaminobenzidine (60 mg/ml) solution, was applied to cryostat or tissue-sectioner sections of glutaraldehydefixed tissues.
The adrenal cortex and brown adipose tissue stained most intensely. A drop of OsO4, when applied to a stained section, markedly accentuated density.
With an elimination of ingredients to disperse the colour complex and with increased peroxidase, this method could be further modified for application to electron microscopic cytochemistry.
INTRODUCTION
In an attempt to correlate biochemical or clinical data to histochemical results (10) , commercially available test kits were applied to histochemistry.
For light microscopic localization of cholesterol and related sterols, Schult's solution (17) is often employed and its specificity is highly valued (13). However, the reagents in this solution are destructive to the cellular structure and are difficult to modify for electron microscopy. At the electron microscope level, cholesterol has been demonstrated by the use of digitonin (6, 7, 9, 12, 16, 18, 19, 20, 23) . The digitonin-induced reactions indicate the presence of cholesterol in plasma membranes and nuclear membranes, rough surfaced endoplasmic reticulum, lysosomes, secretory granules such as zymogen granules in the pancreas, and cytoplasmic vacuoles.
Membrane alterations included scalloped plasma membranes, whorled complexes, needle-like forms and others.
Alternative methods have been researched for both light and electron microscope histochemistry. Recently, a method using enzyme systems was introduced to estimate free and esterified cholesterol in serum (2, 5, 14, 21 The quinonimine dye formed here is soluble and too pale to be recognized under a light microscope.
In the present experiment, the diaminobenzidine method routinely used for the peroxidase reaction was adapted as a modification. The reaction for this is as follows; 
MATERIALS AND METHODS
The brain, liver, heart, pancreas, interscapular brown adipose tissue, and adrenal glands of adult rats (Wistar) were used, though cerebral slices of a dog were added for gross anatomical demonstration.
Tissues were fixed for 2 hrs in cold glutaraldehyde (4%) solution buffered with 0.1 M sodium cacodylate-HCl at pH 7.4. After thorough washing in several changes of the buffer, sections were cut with either a cryostat (Cryo-cut, American Optical) or a tissue-sectioner (Sorvall, T2).
Unfixed and fixed slices of dog's cerebrum were immersed in a complete solution of Determinar FC and TC (Kyowa Hakko), Cholescolor 500 (Ono Yakuhin) and Biochem. Test Combination (Boehringer Mannheim) for 2 to 4 hrs at room temperature. Only Determinar TC yielded a notable result. The composition of the Determinar TC solution, in a 300 ml solution, is as follows: 
RESULTS
When glutaraldehyde fixed slices of the dog cerebrum were stained with a complete Determinar TC solution, there was a difference noted between the stained tissue and a control which was immersed in enzyme-free Determinar. The reddish colour was more vivid when a fresh slice was stained (Fig.1) than that with glutaraldehyde-fixed materials.
Of the sections stained with a Determinar and diaminobenzidine solution mixture, the adrenal cortex, especially its zona glomerulosa, was the most reactive (Fig.2) . The adrenal medulla, on the other hand, showed sparse cholesterol content. Only certain cells in the medulla were stained (Fig.3) . Staining was most diffuse in the central nervous system and only zonal appearances were distinguishable in the cerebrum (Fig.4) . The cells in the brown adipose tissue (Fig.5) reacted intensely but quite diffusely in the cytoplasm. The sinusoid and cytoplasm of hepatocytes were able to be stained by this method (Fig.6 ). Cardiac muscle, in cross section (Fig.7) and longitudinal section (Fig.8) , showed staining of the capillaries, subsarcolemmal mass of mitochondria, and some, but not all myofibrils. Pancreatic acinar cells (Fig.9) were moderately stained but not easily recognized. The mass of zymogen granules and the cytoplasm showed dense spotty staining. In the pancreatic islet, the positive area was limited to its capillaries (Fig.10 ).
Other solutions were tested as well, but the results were less satisfactory than Table 1 . The adrenal gland showed the highest cholesterol content. Brain and adipose tissue also contained a considerable amount of cholesterol, although it was only approx. one third that in the adrenal gland. The cholesterol in the liver was 20 to 25% of that in the adrenal gland, while the cardiac muscle and pancreas were only 15% of the adrenal. (3) stained formaldehyde fixed frozen sections of atherosclerotic lesion in intima of the human aorta and human tendonious xanthoma, using cholesterol esterase, cholesterol oxidase, peroxidase, diaminobenzidine and Triton X-100. Their basic concepts appear to be essentially identical to those presented here.
The present method was comparable not only to the routine histochemical staining of cholesterol (1, 4, 17), as mentioned above, but could be correlated with biochemical estimations shown in Table 1 as well.
The virtually identical results obtained in using the three types of test kits was quite an unexpected occurence. The estimated values were comparable to those reported elsewhere, for example, 72 to 87 mg/g dry weight in the rat brain, 66 to 68 mg/g in the rat adrenal, 15 mg/g in the rat heart, 8 mg/g in the rat liver (8) In order to localize cholesterol for electron microscope use, the present method requires further improvement. From a technical point of view, the major difficulty in application of the test kits is that they intentionally contain reagents to disperse the developed colour in order to prevent precipitates and provide a uniformly coloured solution. This naturally prevents the formation of insoluble reaction products and fine structural localization. Compared to the original protocol of Allein et al (2) , Determinar TC contains far less peroxidase. It is necessary to find the optimal amount of additional peroxidase in order to balance the elimination of detergent. Another difficulty would be due to the fact that free cholesterol cannot be well preserved without the use of digitonin (16). Thirdly, the adaptation of the diaminobenzidine method inevitably involves the possibility of confusing endogenous peroxidase activity with cholesterol distribution. In fact, capillaries were stained most discernibly in the adrenal cortex and also the sinusoid of the liver. Digitonin-cholesterol complex has been localized at the sinus lining cell membranes in the adrenal cortex (23). The density in such a location may not always represent endogenous peroxidae, but such a possibility must be recognized.
